The purpose of this study was to evaluate the predictive value of real-time ultrasound elastography (RUE) in differentiating benign from malignant thyroid nodules, with fine needle aspiration cytology analysis as the reference standard. A total of 78 consecutive patients with thyroid nodules who were selected for fine needle aspiration biopsies were examined in this prospective study. 78 nodules in these patients were examined by conventional ultrasound, and ultrasound elastography. The final diagnosis was obtained from cytological findings. Tissue stiffness on ultrasound elastography was scored from 1 (low stiffness over the entire nodule) to 5 (high stiffness over the entire nodule and surrounding tissue). On real-time ultrasound elastography, 47 of 62 benign nodules (76%) had a score of 1 or 2, whereas 15 of 16 malignant nodules had a score of 3 to 5, with sensitivity of 93.7%, specificity of 90%, a positive predictive value of 71%, and a negative predictive value of 98%. Real-time ultrasound elastography is a promising imaging technique that is useful in the differential diagnosis of thyroid cancer. Utilization of ultrasound elastography could reduce the rate of thyroid biopsies because of its high elasticity being highly associated with benign cytology.
Introduction
Nodular thyroid disease is a common finding in the general population, in particular in iodine-deficient areas.
Thyroid nodules are palpable in 5% of subjects [1] [2] but are detectable by thyroid ultrasound (US) in up to 50% of the general population [3] - [5] . Only a minority of thyroid nodules are likely to cause significant health problems. Cytological examination of material obtained by fineneedle aspiration (FNAC), due to its high sensitivity and specificity, is the best single test for differentiating malignant from benign thyroid lesions [6] . The major limitation of FNA cytology is that 10% to 15% of specimens are nondiagnostic [7] , and 10% to 20% are indeterminate [8] - [10] .
Thyroid nodules are a common medical problem [7] . Although they are traditionally found as palpable masses at neck examination in patients with or without suspected thyroid disease, the apparent prevalence of non-palpable thyroid nodules (i.e. <1 cm in diameter) in the general population has recently increased, probably as a consequence of the increasing application of ultrasound [8] [11] .
Revised American Thyroid Association Management Guidelines for Patients with Thyroid Nodules and Differentiated Thyroid Cancer (Recommendation 4-A7): FNA is the most accurate and cost-effective method for evaluating thyroid nodules. Retrospective studies have reported lower rates of both nondiagnostic and falsenegative cytology specimens from FNA procedures performed via US guidance compared to palpation [12] [13] .
Conventional ultrasound does not provide direct information corresponding to the hardness of a nodule. Elastography is a newly developed dynamic technique that uses US to provide an estimation of tissue stiffness by measuring the degree of distortion under the application of an external force. US elastography has been applied to study the hardness/elasticity of nodules to differentiate malignant from benign lesions [14] - [17] . The thyroid gland is well positioned for elastographic examination: It is easily assessable and can be efficiently compressed against underlying anatomic structures by using a US probe [18] . Tanaka et al. [19] showed sensitivity of 89.1% and specificity of 59.4%. Rago et al. [20] reported sensitivity of 97% and specificity of 100% for this technique.
The elasticity scoring system initially proposed by Ueno and Itoh [21] was useful for comparing breast ultrasound elastographic results , but later modified for thyroid nodules by Rago and Asteria [20] [22] .
We aimed to evaluate the diagnostic utility of realtime ultrasound elastography in differentiating benign from malignant thyroid nodules.
Materials and Methods

Patients
Between March 2012 and November 2013, a prospective evaluation was performed in 100 patients with thyroid nodules referred to ultrasound division at the diagnostic radiology department, at King Abdulaziz University Hospital. The patients (88 women, 12 men; age range, 19 -80 years; mean age, 43 years) who were examined for conventional ultrasound and real-time elastography, and the final diagnosis was based on the results of cytological evaluation. Ethical approval from the medical research of our university, and informed consent was obtained from all patients.
Conventional Ultrasound and Ultrasound Elastography
After obtaining verbal consent from patients, Ultrasound examination was done by an expert sonographer and radiologist following a standard protocol. Patients were examined by skilled staff sonographers and then re-examined by more than three radiologists to confirm all findings for each patient, data recorded on a work sheet before patient leaving the ultrasound department. Both conventional ultrasound imaging and real-time ultrasound elastography were performed using a Philips IU22 system equipped with a high-frequency linear array transducer of 5 MHz to 12 MHz. The examination was done with the patients lying supine with their necks hyper extended.
For all patients, the ultrasound examination started with B-mode imaging. Images of each lobe were obtained in transverse and longitudinal with the probe was placed gently on the thyroid of a patient in the supine position in both transverse and longitudinal orientation. For interpretation of the conventional ultrasound, all the ultrasound characteristic features performed on all thyroid nodules: (e.g. echogenicity; calcifications, margins, and the presence and pattern of blood flow on color Doppler flow) had been considered for evaluation of the nodules.
By using the same real-time instrument and the same transducer ultrasound elastographic was performed. The transducer was placed on the neck with light pressure, and a box was highlighted by the operator, which in-cluded the nodule and sufficient surrounding thyroid tissue to be evaluated. The principal of ultrasound elastography is to obtain 2 ultrasound images before and after external pressure of thyroid tissue by the transducer through the adapter and track displacement tissues, through the assessment of the spread of the imaging beam.
The ultrasound elastogram was displayed over the B-mode image in a color scale that ranged from red for components with the greatest elastic strain (i.e., softest components) to blue for those with no strain (i.e., hardest components) (Figure 1) .
Tissue stiffness on ultrasound elastography was scored (ES) from 1 (greatest elastic strain) to 5 (no strain) based on subjective analysis of the elastogram image. The scoring was classified by Ei Ueno and Itoh (2006) to differentiate benign and malignant lesions and is based on color pattern with elastography [21] (Table 1) .
Biopsy Method and Pathologic Correlation
The 100 patients were selected for the FNAC according to their previous conventional ultrasound results which recommended or suggested for FNA by the radiologists.
All thyroid nodule biopsies (FNAC) were performed under ultrasound guidance by skilled radiologists. "Fine" or "thin" (22-to 27-gauge) needles; most commonly 25-gauge needle were used under strict aseptic conditions. Although many patients had multiple nodules, yet we applied USE for the most suspicious ones only.
Aspirated fluid or cells was sent for cytological evaluation at the main laboratory of king abdulaziz university hospital. Results of FNAC were correlated with those of elastography results.
Statistical Analysis
Demographic patients data including their age and sex associated with detailed US & Doppler criteria of the thyroid nodules were collected and correlated with cytological results of cases subjected to FNAC. Statistical analyses were performed using the IBM SPSS Statistics version 21.0 (IBM Company, New York, USA) software package. Frequency tables were analyzed using the Chi-square test (X2). To assess the diagnostic value (sensitivity and specificity) of ultrasound elastography compared with the cytological results, crosstabulation tests were performed.
Result
FNA Cytology
The cytological diagnosis served as the reference standard for comparison with ultrasound elastography results.
Fine needle aspiration cytology (FNAC) was performed in all nodules (100) included in the study. The results of FNAC showed 22 patients (22/100 nodules, 22%) still had inadequate cytological specimens, and were excluded from further analysis. Inadequate samples were significantly more common for "small nodules" (<10 mm in diameter). Thus a total of 100 nodules with valid cytological specimens were obtained from 78 patients (69 females, 9 males).
Fine needle aspiration (FNAC) of 78 cases, showed 16 (21%) had a final diagnosis of malignancy ( Table 2) . A diagnosis of carcinoma was cytological confirmed):
7 papillary, 5 follicular, 3 medullary, and 1 hurthle cell carcinomas. The remaining 62 (79%) were all benign nodules ( Table 3) . Most malignant tumors were found in the age group (26 -35 years), and females were more affected than males. The distribution of different types of pathologically confirmed malignant nodules in correlation to the patients' age groups and gender was demonstrated in Table 3 .
Ultrasound Result
Thyroid ultrasound (US) features associated with malignancy in thyroid nodules are microcalcifications, hypoechogenicity, irregular margins or absent halo sign, solid aspect, intranodular vascularization, and shape ratio (A/T ≥ 1). These patterns, taken singly, are poorly predictive ( Table 4) .
Our results showed nodule hypoechogenicity pattern (sensitivity 62% and specificity 82%) was the US pattern most predictive of malignancy. The absent halo sign had sensitivity 0% and specificity 82), while spot mi- crocalcifications feature produced sensitivity 44% and specificity 92%. The pattern of intranodular blood flow, taken alone, was not predictive of malignancy (sensitivity 69% and specificity 77%). Height to width ratio > 1 produced sensitivity 75% and specificity 83% respectively, and blurred margin showed 18.7% sensitivity and 97% specificity for malignancy ( Table 4) . According to our results the highest positive predictive value was for hypoechogenicity and nodular shape ratio (A/P > 1). The combination of echographic patterns all together will be most predictive of US for detection of malignancy to FNAC. They showed increased ultrasound sensitivity and specificity to 75% and 75.8% respectively with a negative predictive value of 82.2% and positive predictive value of 44% and accuracy of 75.6% (Table 5 ).
Ultrasound Elastography (USE) Result
Fine needle aspiration (FNA) reveals sixteen nodules were malignant and 62 were benign. Correlation of FNAB results to those of USE showed that the sensitivity and specificity of the US-elastography for thyroid cancer diagnosis were 93.7% and 90%), respectively. The positive and negative predictive values were 71% and 98%, respectively. The accuracy of the technique was 91%. The p value was significant (0.000) ( Table 6 ).
This study reported that USE scores of 1 or 2 were found in 47 cases and were diagnosed as benign lesions, which was 100% confirmed by FNAB. A score of 3 was found in 12 cases with two cases of malignant (follicular carcinoma), and 10 were benign lesions. Nineteen cases had scores of 4 and 5. FNAB confirmed malignancy in thirteen cases, and 6 benign lesions as shown in Table 7 . This produces a sensitivity of 87% and a specificity of 90% for USE scores 4 and 5 being predictive of malignancy. 
Discussion
The aims of our prospective study were to evaluate the elastographic appearances of thyroid nodules and to determine whether ultrasound elastography (USE) may assist in differentiating benign from malignant thyroid nodules and results in reducing of thyroid biopsies. Thyroid cancers have a harder consistency than benign thyroid nodules; therefore, RTE has been recently proposed as a new diagnostic tool able to differentiate malignant from benign lesions by providing an estimation of tissue stiffness [20] [22] [23] .
In a recent meta analysis, including 639 unselected thyroid nodules, real time elastography (RTE) accomplished with a sensitivity of 92% and a specificity of 90% in discriminating malignant from benign lesions, although a significant heterogeneity for specificity of the different reports was found [24] . Moreover, Rago et al. [25] , in a very recent study, confirmed the effectiveness of RTE also in the presurgical selection of thyroid nodules with indeterminate or not diagnostic cytology. Indeed, RTE evaluation displayed effective PPV and NPV (76.9% and 99.0%, respectively) with excellent accuracy (92.9%) [24] . Rago et al. [26] recently published a study of real-time ultrasound elastography in 96 consecutive patients with a solitary thyroid nodule undergoing surgery for compressive symptoms or suspicion of malignancy on prior fine-needle aspiration biopsy. Tissue stiffness was scored from 1 to 5 based on subjective analysis of the elastogram image. They reported that scores of 1 or 2 were found in 49 cases-all benign lesions. A score of 3 was found in thirteen cases with one case of carcinoma, and twelve from benign lesions. Thirty cases had scores of 4 or 5, and all were carcinomas. They reported a sensitivity of 97% and a specificity of 100% for a score of 4 or 5 being predictive of malignancy.
In our study, tissue stiffness on ultrasound elastography was scored from 1 (greatest elastic strain) to 5 (no strain) based on subjective analysis of the elastogram image. The scoring was classified to differentiate benign and malignant lesions and is based on color pattern with elastography image. Score 1, and 2 included nodules with high elasticity, score 3 was maintained as an intermediate score; and scores 4 and 5 included nodules with low elasticity. Using this score classification, the predictivity of US elastography was highly rewarding. Scores 4 and 5 were associated with malignancy with sensitivity of 87%, specificity of 90%, a PPV of 68%, and an NPV of 90%.
Much more rewarding were the negative predictive values of the pattern of high elasticity scores 1, and 2 to exclude malignancy. In the current study, reported that scores of 1 or 2 were found in 47 cases, all benign lesions diagnosis at cytology. This means that nodules with high elasticity, which represent the largest proportion of nodules with indeterminate cytology, have no probability to bear malignancy (according to our study result. The low number of false-negative results at USE, together with the low progression rate of differentiated thyroid cancer, would allow most patients to be placed in follow-up without significant costs in terms of prognosis. A score 3 (intermediate score) was found in 12 cases with two cases of carcinomas, and 10 cases benign lesions. In score 3 according to our result, all patients with score 3 must be sent to fine needle aspiration cytology (FNAC) for confirmation. Thus, by combining the scores 1, 2, 3, 4, and 5, ultrasound elastography (USE) had a sensitivity of 93.7%, a specificity of 92%, a positive predictive value of 72%, a negative predictive value of 98.0%, and an accuracy of 90.1% in the prediction of malignancy. Our results are very close to the findings reported by previous studies [24] [27] , showing RTE sensitivity of 92% and specificity of 93.7% (considering Elastography Score 1 and 2 as benign and Elastography Score 4 and 5 as malignant).
In summary, we found that USE is an easy, non-invasive and rapid technique that can be used routinely in thyroid US scans to select cases for FNAB, and decrease the number of unnecessary biopsies, and consequently decrease its hazards and costs. Cases that show score 1 or 2 are not in need for further investigation, and only follow up should be recommended. Cases with score 4 or 5 are considered to be highly malignant and other US criteria of malignancy should be looked for to support the diagnosis e.g. pattern of vascularity and cervical lymph nodes infiltration. FNAB should be recommended in all cases of score 3 where malignancy can't be excluded using USE criteria only.
Most studies show an incidence of malignancy of 2% -5% in nodules selected for biopsy, and the incidence of malignancy is much lower in all unselected nodules [28] .
In the current study, all the100 nodules selected for biopsy by the real-time ultrasound, the cytology results showed the incidence of malignancy was (15%). This study shows much higher prevalence of malignancy compared with previous reports.
Malignant nodules were significantly smaller in diameter than benign (1.91.0 vs. 2.7 1.7 cm), in apparent disagreement with previous studies reporting a higher prevalence of cancer in nodules larger than 4 cm [27] [29] . However, by analyzing the possible relationship between size and cancer in a large series of nodules with indeterminate or suspected cytology, the lowest likelihood of malignancy was observed in lesions of 2.5 cm, the risk increasing either in smaller (53% per centimetre decrease in size) or in larger nodules (39% per centimeter increase in size) [30] . Moreover, a higher prevalence of cancer in nodules with smaller size has been recently described (26% of tumors smaller than 1 cm) [27] .
In our study, ultrasound elastograms predicted malignancy with 87.5% sensitivity and 90% specificity, 70% positive predictive value and 96.5% negative predictive in nodules that had a greatest diameter of 1 cm or more. 14 nodules of 16 of the total nodules proven by the FNA had a greatest diameter of 1cm or more (1.1 -2.0 cm). The remaining 2 nodules were less than 1 cm in size. This results match with the previous report mentioned above. However there was no relationship between the ultrasound elastography and the size of the nodule.
Our study limitations. First, although the ultrasound exams, ultrasound guided fine needle aspiration and elastography had been done by more than three radiologists, reflecting the expected difference between readers definitely exists in clinical practice. There was no significant differences (almost the same) between the examiners in their reading results for ultrasound examinations. But elastography results comparatively showed slight differences between the examiners, this may be because the elastography is an operator dependant technique and the fact that there were different radiologists who involved in this study to obtain the elastography images. This type of elastography procedure which is depending on personal color scale to be replaced by the other elastography techniques appear more independent operator and quantitative analysis of nodule stiffness to improve the real time elastography such as shear wave elastography.
Our study supported by previous studies reported that Different methods have been proposed for the quantitative analysis of elastographic images, such as off-line processing of strain images by strain index [31] [32], carotid artery pulsation [33] [34] , and shear wave elastography [29] . These techniques appear more operators independent and reproducible; although most of them are currently limited in clinical practice (too time consuming for the calculation of nodule stiffness and weak utility in case of multinodular goiter). Recently, however, shear wave elastography has shown a valuable PPV (92.3%) in the presurgical diagnosis of malignant lesions in a large series of unselected thyroid nodules, also in case of multinodular goiter [29] .
Second, the previous study reported that, the major limitation of FNA cytology is that 10% to 15% of specimens are nondiagnostic [35] , and 10% to 20% are indeterminate [26] [28] [36] . Our study percentage of nodule specimens with insufficient or inadequate for diagnosis at US-FNAC was 22%. This percentage is higher than the percentage of inadequate cytology have been previously reported above. These insufficient specimens were excluded could affect the result of elastography by reducing the number of nodules enrolled in the study, because FNA was used as a reference standard.
Conclusions
Ultrasound elastography is a promising imaging technique that is useful in the differential diagnosis of thyroid cancer. Further improvements in the technique and the diagnostic criteria are necessary for this examination to provide a useful contribution to diagnosis.
The use of ultrasound elastography would lead to low thyroid biopsies because of the high elasticity of being strongly associated with a benign cytology. There will be a need for additional studies on large population with thyroid nodules to determine if it has adequate technical sensitivity and predictive value in order to avoid the need for a biopsy.
